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Optimizing compound feed production by using NIR to 

monitor raw ingredient variation 

Mark Schoot1,2, Christiaan Kapper1, Jeroen Jansen2

For the production of compound feed, 

recipes are optimized to reach target 

nutritional values while minimizing 

ingredient cost. By having more information 

on the actual composition of the 

agricultural products used as ingredients, 

the optimization could be improved.  

In this study we investigated the potential of 

process improvements by using a NIR 

spectrometer to determine the nutritional 

contents of the process ingredients. 

We compared the recipe’s total ingredient 

cost and end product quality resulting from 

different levels of information: 1. Using 

average values for all ingredients. 2. A 

composition estimate accurate to of half 

the product variation (suboptimal NIR use). 

3. Continuous composition estimates using 

NIR for every ingredient.  

Variation of ingredient composition was 

simulated using multivariate normal 

distributions, as well as estimation errors and 

NIR prediction errors. These values were 

used to create recipes by performing a 

linear optimization. The recipe costs and 

production errors caused by the remaining 

uncertainties were compared for the 

different scenarios. 

For scenario 1, 25% of the resulting recipes 

led to exceeding the error limits for moisture 

content in the final product due to 

ingredient variation. In scenario 2, when 

considering some composition estimates of 

ingredients, the number of errors was 

reduced to 15%. Substituting ingredients 

based on their variation not only reduced 

errors, but also allowed a reduction of the 

recipe’s ingredient costs by 17% compared 

to scenario 1. By having even better 

information on composition by optimal use 

of NIR, the number of times the production 

error exceeded the limit was reduced to 1% 

in scenario 3. Furthermore, the information 

even allowed for optimization within the 

error limits instead of aiming towards the 

middle of the target range (as can be seen 

in the figures), allowing a further 4% cost 

reduction compared to scenario 2.   

 

 

 

 

 

 

 

 

 

Overall, the use of NIR to monitor the 

process ingredients: 

 Allows for more optimal use of the 

ingredients, saving material costs.  

 Increases end product quality as 

the composition stays within the 

error limits considerably more often.  

 Even allows to start optimizing within 

the error limit ranges. By having tight 

control on the process input one 

boundary can be approached, 

resulting in further cost savings.   

In current research, we aim to also 

incorporate environmental parameters 

such as global warming potential (in CO2 

equivalents) of the ingredients into this 

simulation. By adapting the optimization, 

we can investigate the potential of NIR to 

reduce the environmental footprint of the 

process by changing the feed 

composition. Furthermore, we can 

evaluate whether there is a trade-off 

between the environmental impact and 

economic cost or whether they can be 

mutually beneficial. In this way, a more 

conscious decision about how to operate 

the process can be made.  
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